Mutations in the helix-turn-helix motif of the Escherichia coli UvrA protein eliminate its specificity for UV-damaged DNA.
The Escherichia coli UvrA protein possesses a stretch of amino acids, 494 to 513, that matches the consensus sequence of the helix-turn-helix motif of many sequence-specific DNA binding proteins. It also has two zinc finger motif regions and two ATP binding sites. To study the potential roles of both helix-turn-helix and zinc finger motifs in the functioning of UvrA protein, random mutations were created in these motif regions by degenerate oligonucleotide-directed mutagenesis. Using this method, 12 single substitution mutants (eight in the helix-turn-helix motif region, one in the N-terminal zinc finger region, and three in the C-terminal zinc finger region) were isolated that failed to confer UV resistance in the E. coli strain deleted of the uvrA gene. One "hyper" UV-resistant mutant, G275A, was identified that conferred significantly more UV resistance than the wild type in the MH1-delta A strain. To further investigate the mechanism of failure of these mutant UvrA proteins to support nucleotide excision repair, two mutant UvrA proteins, G502D and V508D, were selected for purification and characterization, since they carry mutations at the positions offered as the putative constellation for the helix-turn-helix motif. The binding affinity of these two mutants for nonirradiated plasmid DNA was unaffected by the mutations. Both mutant proteins exhibited substantial ATPase activity, and together with the UvrB protein, they were capable of generating positively supercoiled plasmid DNA from the relaxed form in the presence of ATP and bacterial topoisomerase I. However, both mutant proteins failed to respond to UV damage in the filter binding assay and were incapable of forming 2 x SSC-resistant nucleoprotein complexes with UvrB protein on UV-irradiated plasmid DNA. Taking these properties together, it appears that the mutations in the helix-turn-helix motif region impaired the UvrA protein's ability to recognize UV damage, while its other activities were largely unaffected. Interestingly, ERCC-3, a human DNA repair protein, also has a similar helix-turn-helix motif. Given the highly conserved nature of repair proteins in general, this observation raises the possibility that both procaryotes and eucaryotes might use similar mechanisms to recognize damaged sites in their genomes.